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Abstract. Greater Prairie-Chickens ( Tympanuchus 
cupido) are a lek-mating prairie grouse of the 
 central Great Plains. Males gather each spring at 
communal display grounds or leks to compete for 
mating opportunities with females, and lek sites 
are essential for the reproductive biology of prai-
rie-chickens. We obtained geographic coordinates 
for 166 active leks located in eastern  Kansas. Using 
GIS analysis, we developed a spatially explicit 
model to identify landcover and  geomorphological 
variables associated with lek locations. We used a 
hierarchical approach to model selection to iden-
tify the best predictor variables at three spatial 
scales (0 m, 200 m, and 5 km), and then combined 
factors from the best models into a global multi-
scale model. We found that a synthetic variable, 
weighted elevation or the point elevation stand-
ardized by the elevation of the surrounding land-
scape, best explained lek occurrence at a lek point 
scale of 0 m. At broader spatial scales of 200 m 
and 5 km, avoidance of agricultural, urban, and 

forest habitats, avoidance of high densities of 
roads, and a preference for grassland cover were 
the best predictors of lek site locations. Next, we 
created an entropy model based on factors from 
our minimum Bayesian Information Criterion 
global model to create an index of suitable lek hab-
itat across the Flint Hills, Smoky Hills, and Osage 
Plains ecoregions of eastern Kansas. The entropy 
model showed that �85% of lek sites were in hab-
itat strata that comprised �20% of the regional 
landscape, suggesting that prairie-chickens may 
be utilizing areas that are of marginal quality. Our 
research results have important implications for 
conservation because Kansas prairies are the core 
of extant distribution of Greater Prairie-Chickens 
and include the largest remaining intact grass-
lands in the United States. 
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Conversion of native grasslands to agricul-
ture has caused dramatic declines in prai-
rie habitats since European settlement, 

and tallgrass prairie is one of the most highly 
endangered ecosystems in North America, with 
�5% of the original area remaining (Samson 
and Knopf 1994). Eastern Kansas includes �90% 
of the tallgrass prairie ecosystem left in North 
America, and the Smoky Hills, Flint Hills, and 
Osage Plains ecoregions have been recognized 
as ecologically important because they are core 
areas for grassland birds, an avian community 
of conservation concern (Fitzgerald et al. 2000, 
Pashley et al. 2000, Brennan and Kuvlevsky 2005). 
Unfortunately, long-term changes in land use and 
rangeland management practices may be nega-
tively impacting the regional population viability 
of grassland birds in Kansas (Powell 2006, With 
et al. 2008, Rahmig et al. 2009). 
 Greater Prairie-Chickens (Tympanuchus cupido, 
hereafter “prairie-chickens”) are a prairie grouse 
that are native to the grasslands of North Amer-
ica (Schroeder and Robb 1993). Prairie-chick-
ens have been extirpated from much of their 
 historical range, and historic losses were likely 
due to anthropogenic conversion of grasslands 
to row crop agriculture. The core of the remain-
ing range of the species is in eastern Kansas and 
adjacent states, and populations in Kansas have 
been declining for over 30 years (Svedarsky et al. 
2000,  Rodgers 2008). The underlying causes for 
 ongoing  population declines are poorly under-
stood but may be related to changes in land use 
practices or predator communities. Regardless 
of the cause, ongoing population declines are a 
serious conservation concern. Kansas is the core 
of the remaining range, and translocations of 
birds from source populations in Kansas have 
been used to bolster population numbers and 
increase genetic diversity within relict popula-
tions of prairie-chickens in Illinois and Missouri 
(Bouzat et al. 1998, B. E. Jamison, pers. comm.). 
A better understanding of the distribution and 
habitat requirements of prairie-chickens will aid 
conservation for this species and the associated 
community of grassland birds.
 Wildlife habitat use is hierarchical, and animals 
make decisions about which areas to use at multi-
ple spatial scales (Johnson 1980). At broad scales 
of ∼10 km, prairie-chickens may avoid unsuit-
able habitats within their large home ranges 
( Hamerstrom and Hamerstrom 1960, Prose 1985). 

At finer scales of ∼1 km,  prairie-chickens may 
use different vegetative cover types for different 
purposes such as nesting, feeding, and roosting 
(Svedarsky 1988, McCarthy et al. 1994, Ryan et al. 
1998). When engaged in these activities, prairie-
chickens may select patches to reduce predation 
risk, to optimize their thermal environment, or to 
forage on important food plants (Buhnerkempe 
et al. 1984, Ryan et al. 1998).  Heterogeneity among 
patches within landcover types provides differ-
ent resources, and consequently some patches 
may be more desirable than others. At each spa-
tial scale, prairie-chickens must make decisions 
about where to allocate time and energy, and habi-
tat preferences at broader scales likely impact the 
choices available at finer spatial scales. 
 We evaluated the suitability of the Flint Hills, 
Smoky Hills, and Osage Plains ecoregions of 
Kansas based on multiscale geospatial modeling 
of lek site locations for Greater Prairie-Chickens. 
Leks or booming grounds are communal display 
sites where male prairie-chickens congregate 
to display and mate with females. Male prairie-
chickens show high site fidelity to leks from one 
breeding season to the next, and lek locations can 
be relatively stable over time (Robel 1970, Nooker 
and Sandercock 2008). Most mating is thought 
to occur at lek sites, and consequently suitable 
 lekking sites are a necessary component of prairie-
chicken habitat (Hamerstorm and  Hamerstrom 
1960, Schroeder and Robb 1993). Female 
prairie-chickens usually nest in the vicinity of leks 
(� km; Hamerstrom 1939, Schroeder 1991), and 
lek site location ought to serve as a proxy for the 
occurrence of suitable nesting habitat at a land-
scape scale. Indeed, one proposed mechanism for 
lek evolution (the hot spot hypothesis) hypothe-
sizes that leks evolved as males settled and clus-
tered on pathways used preferentially by females 
to travel between needed resources (Beehler and 
Foster 1988, Schroeder and White 1993). 
 The primary goal of our landscape model was 
to identify suitable versus unsuitable habitat 
based on the location attributes of lek sites. We 
used a hierarchical modeling approach with three 
spatial scales of 0 m, 200 m, and 5 km, based on 
the movements and space use of prairie-chickens 
in Kansas (Robel et al. 1970). When modeling 
habitat suitability, even the most refined spatial 
scales are a coarse-grained approach to conserva-
tion, because we must assume that microhabitat 
features within identified habitat patches have 
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HIERARCHICAL MODELING OF LEK HABITATS 23

the potential to be improved with management 
practices. Prairie-chickens could be considered 
an umbrella species for grassland communities 
because the species requires large tracts of grass-
lands (Svedarsky 1988, Poiani et al. 2001). Our 
main goal was to identify areas in need of conser-
vation or enhancement for prairie-chickens, but 
our modeling approach and research results also 
have conservation implications for other sensitive 
species of grassland birds (Herkert 1994,  Brennan 
and Kuvlesky 2005). 

METHODS

To create an index of suitable prairie-chicken hab-
itat for our study region, we performed a geospa-
tial analysis of 166 lek locations distributed across 
the Flint Hills, Smoky Hills, and Osage Plains 
ecoregions of Kansas (Fig. 2.1; Griffith et al. 
2008). Geographical coordinates of leks were 
collected as part of a 3-year population study of 
prairie-chickens in eastern Kansas (2006–2008; 
L. B. McNew et al., this volume, chapter 15) and 
from lek surveys conducted by the Kansas Depart-
ment of  Wildlife and Parks (KDWP, 2005–2007). 
KDWP survey routes were originally established 
in the late 1950s at a sampling density of 1 route 

 surveying 57.8 km2 per county, but sampling 
efforts are being continually expanded. KDWP 
survey routes were not established in targeted 
areas with known prairie-chicken populations, 
but rather were selected based on the presence 
of large tracts of grassland habitat and relatively 
good access via county roads. For the purposes of 
KDWP surveys, leks were defined as �3 males 
displaying in an area, and were located by listen-
ing for prairie-chicken booming at 1-mile inter-
vals along the survey routes and by performing 
flush counts on located leks (R. D. Rodgers, pers. 
comm.). Our intensive population study was pri-
marily conducted in Cloud, Geary, and Elk coun-
ties. For the intensive surveys, leks were also 
defined as �3 males displaying in an area and were 
located via listening along all county roads within 
the identified counties. We also sought landowner 
permission to survey large road-free tracts of land 
either on foot or with all-terrain vehicles. 
 We used Arc Info 9.2 (Environmental Systems 
Research Institute, Redlands, CA) for all geospa-
tial analysis and data extraction. We acquired all 
data sets from the Kansas Geospatial Community 
Commons (www.kansasgis.org). For land cover 
analyses, we used the 30-m resolution, 2005 land 
cover map of the State of Kansas (Kansas Applied 

Lek locations

Ecoregions

Kansas counties

Osage PlainsFlint Hills
Smoky Hills

Figure 2.1. Study area and lek sites of Greater Prairie-Chickens in eastern Kansas, 
2005–2008. Ecoregions  represent areas of similar  ecosystems and geomorphological 
 characteristics. Black dots are locations of leks used for model development and validation. 
Inset map indicates the location of Kansas within the United States.
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Remote Sensing Program 2005; Whistler et al. 
2006), which we reclassified to an  Anderson Level I 
classification scheme, depicting five  biologically 
relevant landcover classes: grassland, row crop agri-
culture, urban, forested, and water ( Anderson et al. 
1971). Grasslands included all CRP ( Conservation 
Reserve Program) lands, or grazed and ungrazed 
pastures of native prairie. Row crop agriculture 
included croplands plus all tillable acres. Urban 
areas were defined as all  cities, towns, roads, and 
human dwellings. Forested lands included gal-
lery forests and riparian corridors, whereas water 
included rivers, streams, stock ponds, and reser-
voirs. For geomorphological analyses, we used the 
30-m resolution 1999 National Elevation Dataset 
(U.S. Geological Survey, EROS Data Center). We 
also included a 1991 Riparian Inventory data set 
for the state of Kansas (U.S. Department of Agri-
culture, Natural Resources Conservation Service) 
and a roadway data set that combined the 2006 
Kansas State and Non-State Road System data sets 
(Kansas Department of Transportation, Bureau of 
Transportation Planning). Each land cover data set 
was aggregated to 100-m grain size prior to land-
scape analysis. 
 To assess differences in landscape and habi-
tat features of lek sites versus potentially avail-
able landscape features and habitats, 132 random 
points were generated within the same spatial 
extent as lek locations using Arc Info 9.2 and 
were later used in logistic regression model fit-
ting. Prior to model fitting procedures, we ran-
domly selected 34 of 166 (20%) lek locations and 
an additional 34 randomly generated locations 
and withheld them from model development to 
be used for model validation. 
 To evaluate characteristics of the area sur-
rounding lek sites at a landscape spatial scale, 
we buffered each lek site with a 5-km neigh-
borhood radius which evaluated landscape pat-
terns at large spatial scale. Females typically 
choose nesting sites within 2 km of lek locations 
( Hamerstrom 1939, Schroeder 1991), and the 
average home range size of a prairie-chicken in 
Kansas is 500 ha (Robel 1970). Thus a 5-km buffer 
was selected to encompass possible  nesting 
habitats around lek sites. For the intermediate 
spatial scale, we analyzed lek habitat characteris-
tics within overlapping neighborhoods of 200 m 
radii, a distance that would likely characterize the 
habitat used for lekking itself.  Analysis at these 
two spatial scales tested whether  characteristics 

of the landscape surrounding lek sites influ-
enced the  presence or absence of leks. We used 
 neighborhood  statistics to calculate the percent 
area for each of the six landcover types and 
 Fragstats 3.3 to calculate the total core area of 
grassland patches using the eight neighbor patch 
rule and 100 m edge depth (McGarigal and Marks 
1995). Within neighborhoods, we  calculated the 
density of all roads (km per km2) as an index of 
disturbance, and the  density of 10-m elevational 
contour lines as an index of habitat complexity 
or topographic relief. 
 At the finest spatial scale at 0 m or the point 
of the lek, we measured attributes of the geo-
graphic center of the lek. We recorded four varia-
bles: distance to riparian areas, distance to urban 
areas, distance to roads, and weighted elevation. 
Weighted elevation was a synthetic variable that 
compared the absolute elevation of the lek site 
relative to the surrounding landscape, calculated 
as the elevation of the lek location divided by the 
average elevation of all grid centroid points within 
1 km of the location. Use of weighted elevations 
standardized the topographic positions of leks 
within our study region to values ranging from 
0.7 to 2.0. All measured variables were extracted 
from landscape data for both known lek sites and 
an equal number of random points. 
 Prior to model construction, all variables were 
standardized by z-transformations to normal 
distributions with a mean of zero and a stand-
ard deviation of 1, so that β coefficients from 
the resulting models were in the same units and 
would be directly comparable. We employed a 
hierarchical approach to model selection. Factors 
from each spatial scale were first entered into sep-
arate logistic regression models, and then signifi-
cant factors were combined into a global model 
that pooled important variables across multiple 
scales. Our hierarchical model selection process 
consisted of Bayesian model selection at each of 
three spatial scales, followed by a second round 
of model selection for models with factors at mul-
tiple spatial scales (Schwarz 1978, Hosmer et al. 
1997). Hierarchical procedures were used to avoid 
spatial autocorrelation between data sets. Spatial 
autocorrelation between scales can occur because 
scales are nested within each other hierarchically. 
Hierarchical procedures adjust for spatial auto-
correlation by allowing models to be developed 
for each scale independently and then concate-
nated across scales. During the concatenation 
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process, if variables are correlated across scales 
they are unlikely to be included because of the 
penalty associated with adding extra parameters. 
Bayesian model selection (BIC) procedures were 
used for model selection (Anderson et al. 2000, 
Johnson and Omland 2004), because these statis-
tics tend to be more conservative and less likely to 
over-fit data than Akaike’s Information Criterion 
(Burnham and Anderson 2004). A conservative 
approach to model selection was desirable to com-
pensate for highly spatially correlated data sets. 
Principal components analysis or factor analysis 
could have been used to address this issue, but 
we did not use multivariate techniques because 
we were primarily interested in the effects of our 
original landscape variables. Use of the untrans-
formed landscape data was important because 
we wanted to apply model predictions directly 
to spatially explicit ecological niche modeling. 
Improved GIS analysis techniques allow many 
landscape metrics to be calculated, but our goal 
was to ensure that only biologically  relevant and 
statistically meaningful metrics were included in 
our analysis (McGarigal and Marks 1995). 
 Landscape variables from the minimum BIC 
multiscale model were used as data inputs for eco-
logical niche modeling using program  MaxEnt. 
Program MaxEnt uses entropy theory to model 
landscape suitability based only on presence data 
and to integrate analyses across spatial scales 
(Phillips et al. 2004); it has several advantages 
compared to other software for ecological niche 
modeling, including program GARP ( Phillips 
et al. 2006, Austin 2007). However, program 
 MaxEnt and other niche modeling software pack-
ages tend to overestimate landscape suitability 
when many environmental variables are used, but 
a conservative model selection procedure based 
on BIC should have ameliorated this possibility 
(Phillips et al. 2006). Ecological niche modeling 
yielded a preliminary index of suitable prairie-
chicken lek habitat across the Flint Hills, eastern 
Smoky Hills, and Osage Plains regions of  Kansas. 
We validated our model by using a random 20% 
subset of our lek points that were withheld from 
model development, and assessed the proportion 
of leks that mapped onto each of the suitability 
categories of our index. We also compared the 
suitability of the landscape as predicted from 
our hierarchical model to the suitability of the 
 landscape as predicted by models based on each 
of the single spatial scales. 

RESULTS

Environmental Covariates

At each spatial scale, our analysis indicated differ-
ent features of the landscape were influencing lek 
presence. At the broadest scale, which described 
the area adjacent to leks in a 5-km neighbor-
hood, five of six competing models each received 
some support (wi � 0.11; Table 2.1). In general, 
the broad-scale models indicated that lek occur-
rence was negatively associated with percent for-
est area, road density, and urban area within the 
region, but was weakly and positively associated 
with percent grassland cover and the total core 
grassland area in a 5-km neighborhood. All possi-
ble candidate models for these variables were con-
sidered. Using a logistic model describing relative 
probability of lek occurrence conditional on habi-
tat variables, the minimum BIC model included 
three variables: percent urban cover, road density, 
and percent forest cover: leks � 1.08 � 5.92 � 
percent urban area � 1.39 � road density � 0.76 � 
percent forest. 
 At the lek habitat scale of a 200-m neighbor-
hood, the global model included percent land 
coverage for forest, agriculture, urban, grassland, 
crop, and an estimate of topographic relief based 
on density of contour lines. All possible candidate 
models for the variables included in the global 
model were evaluated. Our selection procedure 
indicated that a single candidate model received 
99% of the model support (Table 2.1), which indi-
cated that lek habitat at a neighborhood of 200 m 
was most strongly influenced by a negative asso-
ciation with cover of row crop agriculture: leks � 
0.01 – 0.46 � percent agriculture.
 At a lek point scale of 0 m, the global model 
included four variables: distance to roads, urban 
areas, forest, and weighted elevation. Of all 
 possible candidate models for these four  variables, 
two models received similar levels of support 
(wi � 0.45; Table 2.1). The minimum BIC model, 
which received 49% of the model support, mod-
eled lek sites as a function of both the weighted 
elevation and the distance from urban centers: 
leks � 0.003 	 1.34 � weighted elevation 	 0.36 � 
distance to urban areas. A second model, which 
received 46% of the model support, modeled lek 
site location as a function of weighted elevation.
 To understand the importance of different spa-
tial scales in habitat selection, we reran the model 
selection procedure combining different scales. 
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From the first set of analyses at different spatial 
scales (0 m, 200 m, and 5 km), we identified a 
set of eight landscape attributes from the subset 
of models that had high BIC weights and were 
equally parsimonious (ΔBIC � 2). The global 
model combining factors from multiple spatial 
scales included eight factors: percent grassland, 

urban or forest at 5 km, road density at 5 km, total 
core grassland area at 5 km, percent agriculture at 
200 m, distance to urban areas, and weighted ele-
vation. We included all possible combinations of 
variables in the candidate models in the selection 
procedure, and three of these models received 
strong model support (wi � 0.25; Table 2.1). The 

TABLE 2.1
Bayesian model selection to identify landscape attributes associated with lek sites of Greater Prairie-Chickens 

in eastern Kansas, 2005–2008.

          Hosmer-Lemeshow

Model K �2 ln (K) BIC ΔBIC wi C P

Habitat Models 5 km

 %Urban, % Frst, Rd. Den 4 286.9 309.3 0.0 0.33 0.80 0.03

 %Grass, %Urban, %Frst 4 287.7 310.0 0.7 0.24 0.78 0.07

 %Frst, Rd. Den 3 293.8 310.6 1.3 0.18 0.79 0.04

 %Urban, %Frst, Rd. Den, ALGP 5 283.1 310.9 1.6 0.14 0.80 0.04

 %Grass, %Urban, %Frst, Rd. Den 5 283.5 311.4 2.1 0.12 0.80 0.04

 C-Den, %Ag, %CRP, &Grass, %Urban,
 %H2O, %Frst, Rd. Den, ALGP

10 270.5 326.2 16.9 �0.01 0.82 0.86

Habitat Models 200 m

 %Ag 2 227.3 271.9 0.0 0.99 0.66 0.01

 C-Den, %Ag, %CRP, %Grass, 
  %Urban, %H2O

8 353.0 364.1 92.0 0.01 0.86 0.02

 %Frst

Points Models 0 m

 D-Urb, Wt-Elev 3 281.3 298.1 0.0 0.49 0.82 0.01

 Wt-Elev 2 287.0 298.1 0.1 0.46 0.82 0.01

Multi-Scale Model

 %Grass 5 km, %Urban 5 km, 
 Wt-Elev

4 230.2 262.7 0.0 0.42 0.85 0.05

 %Urban 5 km, %Frst 5 km,  
 Rd. Den 5 km, Wt-Elev

5 259.3 263.2 0.6 0.32 0.88 0.06

 %Urban 5 km, %Frst 5 km,  
 Rd. Den 5 km, ALGP, Wt-Elev

6 259.2 263.6 0.9 0.26 0.88 0.09

 %Grass 5 km, %Urban 5 km,  
  %Frst 5 km, Rd. Den 5 km, D-Urb, 

ALGP, Wt-Elev

8 223.4 273.6 10.9 <0.01 0.89 0.30

NOTE: Variables are defi ned as follows: ALGP = area in m2 of the largest contiguous grassland patch in the 5-km neighborhood, 
C-Den = contour line density, D-RIP = distance to riparian area, D-URB = distance to urban town or city, D-Road = distance to nearest 
road, %Ag = % of the neighborhood in row crop agriculture, %CRP = % of the neighborhood Conservation Reserve Program, 
%Frst = % of the neighborhood in forest, %Grass = % of the neighborhood in grassland, %H2O = % of the neighborhood in water, 
%Urban = % of the neighborhood in urban cover, Rd.Den = road density in km per km2 of the neighborhood, and Wt-Elev = weighted 
elevation. Column heading labels are as follows: K = number of parameters, �2Ln(K) = maximum likelihood estimate from logistic 
model, BIC is the Schultz Criterion, and Hosmer-Lemeshow statistics are a goodness-of-fi t test for the logistic model.
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minimum BIC model, which received 42% of the 
total model support, indicated strong avoidance 
of urban areas and preference for relatively high 
sites with grassland cover: leks � 1.02 – 6.62 � 
percent urban area at 5 km 	 1.21 � weighted 
elevation 	 0.43 � percent grassland at 5 km. 
Other parsimonious models had similar coef-
ficients for these three factors, but also included 
weak effects for avoidance of areas with high road 
density or forests and a preference for lek sites 
close to large grassland patches.

Niche Modeling

We used the minimum BIC multiscale model and 
program MaxEnt to create an index of suitable lek 
habitat for the three ecoregions in our study area 
(Fig. 2.2). Our niche model predicted that highly 
suitable habitat for leks was found at or near the 
highest point on the surrounding landscape. The 
average weighted elevation was 1.07 
 0.07 SE, 
and highly suitable areas were comprised of 90% 
grassland and 8% agriculture, with �2% of the 
landscape surrounding leks being forest, water, 
or urban habitats. Moderately suitable areas were 
similar to highly suitable areas in having an aver-
age weighted elevation of 1.02 
 0.07 SE, but 
had less grassland (77%) and more agriculture 

(20%) than highly suitable areas; other habitats 
accounted for ∼3% of the landscape. In contrast, 
low suitability areas were usually distributed in 
low-lying areas of the landscape and had an aver-
age weighted elevation of 0.87 
 0.22 SE. Low-
elevation habitats in our study area frequently 
included gallery forests, river beds and flood 
plains, row crop agricultural areas, and urbanized 
developments. Overall, low-suitability areas were 
comprised of 51% grassland, 33% agriculture, 9% 
forests, 4% urban, and 3% water. 
 Overall, our model predicted that lek sites 
would occur at or near the highest point on the 
landscape away from forests, large bodies of water, 
or urban centers, in areas comprised primarily of 
grassland with slight to moderate amounts of row 
crop agriculture. We created similar indices of lek 
habitat suitability for the minimum BIC mod-
els at each single spatial scale and compared the 
area of suitable habitat predicted by these indi-
ces to the area predicted by the multiscale grand 
model. Predictions from models based on a spa-
tial scale of 0 m and 5 km were most similar to 
the  predictions of the multiscale model (Fig. 2.3), 
presumably because environmental covariates at 
these spatial scales had the strongest effects on 
lek occurrence, as measured by the slope coeffi-
cients for z-transformed landscape covariates. 

Suitability index

Figure 2.2. Map of habitat suitability based on maximum entropy modeling of lek sites of 
Greater Prairie-Chickens in eastern Kansas, 2005–2008.
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 During validation procedures, the final multi-
scale model was able to distinguish between ran-
domly selected lek sites and randomly plotted 
points (t � �3.9, df � 35, P � 0.001). Moreover, 
88.2% of the randomly selected validation leks 
(n � 34) were correctly classified into suitable 
habitat. We next plotted geographic coordinates 

of random leks onto the multiscale lek habitat 
suitability index to determine what proportion of 
these leks occurred in each of the three suitability 
categories, and compared the proportions to the 
frequency of occurrence of each habitat type in 
the landscape as a whole (Fig. 2.4). The top three 
models gave similar predictions, and in all cases 
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Figure 2.3. Comparisons of habitat suitability of our study area as predicted by models for 
three spatial scales (0 m, 200 m, and 5 km), a multi-scale model (Grand), and a model based 
solely on land cover (Lnd. cov.).
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Figure 2.4. Comparisons of habitat suitability among a random set of leks used for model 
validation (n � 34), lek locations used for model development (n � 132), and the entire 
study area (Landscape).
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the leks had substantially higher levels of suitabil-
ity than the entire landscape. A total of 85–90% of 
the lek sites occurred in habitat areas of moder-
ate to high suitability, yet only 5–20% of the total 
 landscape included habitats that met these crite-
ria for Greater Prairie-Chickens (Fig. 2.4). 

DISCUSSION

Our hierarchical approach to ecological niche 
modeling showed that �85% of lek sites of Greater 
 Prairie-Chickens were in habitat strata that com-
prised �20% of the regional landscape in eastern 
Kansas. Our results are somewhat  discouraging 
because Kansas prairies are  considered to be 
the last remaining strongholds for conservation 
of grassland birds in the U.S. ( Fitzgerald et al. 
2000, Pashley et al. 2000). We expected that the 
environmental correlates of lek site selection 
might vary across the geographic distribution of 
prairie- chickens if differences in the degree of 
habitat  fragmentation affected lek placement. 
An estimated 36–45% of the landscape of our 
 Kansas study area is comprised of intact grass-
lands ( Applegate et al. 2003, A. J. Gregory and 
D. G.  Goodin, unpubl. data). Previous analyses 
of lek habitat suitability have been conducted in 
more fragmented landscapes in Minnesota and 
 Wisconsin, where grasslands are part of a patchy 
mosaic in a matrix of forest, wetlands, and row crop 
agriculture ( Merrill et al. 1999, Niemuth 2003). 
 Despite potential differences in landscape 
configuration, our major findings were consist-
ent with previous analyses of lek site selection 
for prairie-chickens. Grassland cover at 5 km 
was a relevant factor in our multiscale model for 
 Kansas, which is consistent with previous stud-
ies that have identified cover or size of grassland 
patches as important factors in determining the 
presence of prairie-chicken leks elsewhere in 
their range (Hamerstrom et al. 1957, Kirsch 1974, 
Merrill et al. 1999, Niemuth 2003). Although 
grassland cover was relevant in Kansas, we found 
that relative elevation at the lek location, a lack 
of agriculture within 200 m, and a lack of urban 
areas, forest, and roads within 5 km were better 
predictors of lek presence. Grassland cover alone 
has previously been found to be a poor predic-
tor of lek location in fragmented landscapes, 
and avoidance of areas with residential develop-
ment and forest cover appears to be a general 
finding for lek site selection by prairie-chickens 

( Merrill et al. 1999, Niemuth 2003). In the prairie-
 dominated  landscapes of eastern Kansas, the 
amount of grassland available may be of less con-
cern for prairie-chicken habitat conservation than 
the degree of fragmentation and configuration of 
remaining grassland habitats. 
 Our multiscale approach to modeling prairie-
chicken habitat had two advantages over single-
scale niche modeling approaches. First, by using 
data at different spatial scales and in a combined 
model, we obtained different suitability estimates 
of the landscape for the study species. Second, 
animal habitat use is predicted to be a  hierarchical 
set of decisions (Johnson 1980), and our modeling 
indicated that different habitat attributes were 
preferred at different spatial scales. Our point 
model indicated that prairie-chicken lek sites were 
located at the highest portion of the surrounding 
landscape and distant from urban areas. Thus, 
prairie-chickens may choose display grounds 
with high visibility, good auditory projection, or 
areas free from ambient noise (Hamerstrom and 
 Hamerstrom 1960, Aspbury and  Gibson 2004, 
Slabbekoorn and Ripmeester 2008). This combina-
tion of features may assist females in locating lek 
sites or males in detecting and avoiding approach-
ing predators. At the spatial scales of 200 m and 
5 km, we observed lek sites being placed in areas 
that avoided urban areas, row crop agriculture, 
and roads, indicating avoidance of anthropogenic 
disturbance at spatial scales relevant to grassland 
conservation (Schroeder and Robb 1993).
 Our model offers insights into the current suit-
ability of the Kansas tallgrass prairies for prairie-
chickens. Eastern Kansas represents �90% of the 
remaining tallgrass prairie in the U.S. ( Samson 
and Knopf 1994). However, �80% of this area 
was predicted by our model to be of relatively low 
suitability (Figs. 2.2 and 2.3). Moreover, ∼15–20% 
of the active lek sites in our analysis were in 
areas of low suitability, which may indicate use 
of marginal habitats. Prairie-chickens show high 
site fidelity to lek sites, but landscapes and habi-
tat suitability can change rapidly. Site fidelity 
may result in a lag period between the time of 
landscape degradation and habitat abandonment 
or local extirpation. Thus, males may continue 
to display at lek sites that are effectively demo-
graphic sinks before the population is eventually 
extirpated (Schroeder and Robb 1993, Nooker 
and Sandercock 2008). Consequently, lek count 
surveys that are routinely used for  population 
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 monitoring of prairie-chickens may be slow to 
reveal the impacts of environmental change. 
Our lek habitat suitability index does not account 
for the effects of land management on the 
 demographic performance of prairie- chickens 
attending leks in marginal habitats, and cau-
tion should be used when interpreting our map. 
However, if the habitat requirements for lek and 
nest sites are closely associated, then our model 
suggests that much of the landscape in eastern 
Kansas is unsuitable for prairie-chickens, and 
habitat may be a limiting factor contributing to 
ongoing population declines (Rodgers 2008). 
 Spatial models for prairie-chickens in east-
ern Kansas, Minnesota, and Wisconsin (Merrill 
et al. 1999, Niemuth 2003, this study) have shown 
that lek sites are usually associated with grassland 
cover and negatively associated with anthropo-
genic disturbance and forest habitats. One goal for 
conservation of prairie-chickens should be to pre-
serve large remaining tracts of natural grasslands 
with little development. A second goal should 
be to expand connectivity among unfragmented 
grassland habitats by removal of hedgerows 
and encroaching woody plants, and by enroll-
ment of agriculture fields into the  Conservation 
Reserve Program. The microhabitats required by 
prairie-chickens were not identified by our land-
scape approach, but the suitable habitats identi-
fied by our model could represent sites where 
improved land management would be beneficial. 
Rangeland management in eastern Kansas fre-
quently includes use of early season burning to 
enhance forage quality for cattle production (With 
et al. 2008, Rahmig et al. 2009). Spring burn-
ing removes the vegetation that provides nest-
ing cover for female prairie-chickens during the 
breeding season (L. B. McNew et al., this volume, 
chapter 15). Changes in land management from 
annual spring burns to a patch-burn rotational 
system could benefit Greater Prairie-Chickens 
and associated species of grassland birds by pro-
viding additional cover for ground-nesting species 
in a more heterogeneous landscape.
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